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INVESTIGATION OF THE CHARACTEKCSTICS OF 

A TWISTED AMD CAMBmD 45O EBEFCBACK 

WING-FUSELAGE CONFIGURATION 

By Daniel E. Harrison 

SUMMARY 

I An investigation  has been made i n   t h e  Langley  8-foot  transonic 
tunnel to determine the e f f ec t s  of twFs t  and camber on the aerodynamic 
character is t ics  of a sweptback wing-fuselage  configuration. The wing 
had 45O sweepback of the 0.25 chord, an aspect   ra t io  of 4, a t aper   ra t io  
of 0.6,  and NACA 65A"series airfoil  sections  with  6-percent-thickness 
d is t r ibu t ion   para l le l   to   the   p lane  of symmetry. The twist and camber 
used was designed to obtain a uniform  load  distribut.ion a t  a Mach num- 
ber of 1.2 and-a l i f t  coefficient of 0.4. 

Comparisons of the  results  with  those  obtained  for a plane-wing- 
fuselage combination indicated  that  the twist .and cauiber used  increased 

' the maxirpum l i f t -d rag   r a t io s  of the  wing-fuselage-configuration a t  test 
Mach numbers  up to 0.84 and above 0.99, but decreased the   ra t ios  between 
these Mach humbers. The twist and camber, hawever, produced s ignif icant  
improvements throughout the Mach number range i n  the   l i f t -d rag   r a t io  
values a t  the higher l i f t  coeff ic ients  which a re  of par t icu lar   in te res t  
in the climb o r  maneuver conditions of f l i gh t .  I n  addi t ion ,   subs t -a t ia l  
increases  in  the  l if t-coefficient  values a t  which the unstable  break i n  
the pitching-moment curves occurred were obtained throyghout the Mach 
number range. A t  a Mach .number of 1.00, the lift coeff ic ient  a t  which 
the  unstable  break  in  the pitching-moment curve occurred was delayed 
approximately 0.2 by  the  use of twist and camber. The breaks a t   t h e  
upper limit of the -ear portion of t h e   l i f t . c w e s   a l s o  occurred a t  
higher   l i f t -coeff ic ient   values   for   the twisted and cambered wing than 
for  the  plane wing. 

.. 
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Previous  investigations have indicated  that  the  .use of twist and 
camber improves the.   characterist ics of sweptback wings for. moderate  and 
high  1if . t   coefficients at subsonic and supersonic  speeds  (refs. 1 and 2) .  
The use of t w i s t  and camber also would be  expected to improve the  char- 
ac t e r i s t i c s  of sweptback  wings in  the  transonic speed  range. In- order 
t o  provide an ind ica t ion   of tbe-ef fec ts  af  twist and camber i n  the t rq- 
sonic Mach number range; a 45' sweptback wing, twJsted  and cambered t o  
obtain a uniform  load  distribution a t  a Mach  number of 1.2 and a lift 
coefficient  of 0.4, has been tes ted  in   the Langley 8-foot  transonic 
tunnel. The re la t ive  high lift coefficient, 0.4, was chosen t o  improve 
the   charac te r i s t ics   op the  wing i n  the maneuver as well as the  cruise 
condftions of f l i g h t .  The wing was tested  with a high-fineness-ratio 
fuselage  through -a continuous Mach  number range Prom 0.80 t o  1.10 and 
a t  angles of a t tack from about -6' to: ,160. The resul ts .  are compared . 

herein  with  the  resulta  for a comparable plane-wing-fuselage con- 
f igurat ion  ( ref .  3) . 

a -  
L i 

M Mach number 

b wing span, in .  

CD b a g  coefficient, D / ~ S  

CL l i f t  coefficient,  L/qS 

Cm pitching-ngment  coefficient,, ME/4/qSE 

C mean aerodynamlc chord of wing, in .  

C loca l  wing chord pa ra l l e l  to plane of symmetry, f t  

D drag, l b  " 

- 

L l i f t ,  lb 

W D ) -  m a x i m u m  l i f t -d rag   r a t io -  

. . .  

-. 

""1 

*E/4 pitching moment of aerodynamic forces  about lateral axis which 
passes  through  25-percent  point of mean aerodynamlc chord of 
wing, in.-lb . . . .  

. .  . .  
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'b base  pressure  coefficient, %I - Po 
9 

P O  free-stream  static  pressure, lb/sq f t  

pb stat ic   pressure at model base,  lb/sq f t  

9 

R 

S 

v 
U 

P 

X 

. 
Y - 
2 

E 

dynamic pressure, p ~ 2 / 2 ,  Ib/sq ft  

' Reynolds nllIziber based on c - 

wing area, s q  ft. 

velocity,   f t /sec 

angle of  attack of body center  lFne, deg 

air density, slugs/cu f t  

distance measured  from leadfng edge of wing along  local 
. chord, in.  

spanwise distance from plane of  symmetry, in. 

camber, in. 
angle of w i n g  twist measured re l a t ive  to fuselage  reference 

l i ne   ( f ig .  1), deg 

The tests were conducted in   t he  LaBgley 8-foot  transonic  tunnel 
which is a dodecagonal, slotted-throat,  single-ret-  type of wind 
tunnel. The use of  the longi tudinal   s lots  along the   t es t   sec t ion  per- 
mft ted  the  tes t ing of  the models through  the  speed of sound without the 
usual choking e f f ec t s  found in the  conventional  closed-throat type of 
tunnel. A complete description of the Langley 8-foot  transonfc  tunnel 
can  be  found in   reference 4. 

Configuration 
" 

Except f o r  twist and camber, the wing inves t i  ted was ident ica l  
t o  the plane w i n g  of reference 3 .  The w i n g  has -45 "meepback of the P 

" 



0.25-chord l ine ,  an  aspect  ratio of 4, B t aper   ra t io  of - 0.6, &nd. NACA 
65A-series airfoil  sections  with  6-percknt-thickness  distribution 
parallel   to  the  plane  of.symief5-y-  Steel  w a s  used in  the  construction 
of the wing. A plqn-forn.drawipg of. the wing-fuselage  cpnfiguration 
is  presented  in f igUre 1 ." 

The t w i s t  and camber used were b t e rmined  by the method presentecl 
in  reference 5 .  The wing w a s  designed to  obtain a unifarm load distri- 
bution a t  a l i f t  caeff ic ient  of 0 .4  and a Mech  number of 1.2. The 
resul t ing kist and camber .value.s are  presented  in figure 2. As shown 
in  this  f igure,   the  angle of twist -varied frpm 4.5' a t  the  root to -0.20 
(w.ashout) a t  . the   t ip .  Twist w a s .  measured from tbe  longitudinal axis of 
the  fuselage-, The  :chordyls.e  1o.c'ation 'of the. maximum camber was -40 .per-. 
cent of  the streamwise chord  throughout  the span. 

A detaiIed  description- of the  high-fineness-ratio  fuselage  tested 
with  the twisted and cambered wing i s  given i n  reference 6. 

Measurements and Accuracy 

L i f t ,  drag, and pitching moment were measured by 'an e lec t r i ca l  
strain-gage  balance.. The accuracy of the  result ing  coefficients is  a8 =., 

follows: . . .  

. . .  CL . . .  * . . . . . . . . . . . . . . . . . . . . .  0 . . . .  fO.O1O 
CD . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . .  fO .OOl 
Cm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10.002, 

The base-pressur-e"  k6efficients were determined by means of two s t a t i c  
orifices  located on the sides af the  sting  support in the  plane of the 
model base. The drag data have been. adju6ted  for  base  pressWes  such '. 

that  the  drag  corresponds t o  condltians where the body base  pressure ie 
equal ta  the  free-stream  static  pressure.. . No cclrrections have been made 
to  the  base  pressures for st ing  interference  effects  (ref.  6).  

Lo.cal deviations from the  average  free-stream Mach  number in   t he  
region of the modelvere no larger  than 0.003 at  subsonic speeds. With 
increases  in Mach number above 1.00, the  deviations  increased but did 
not exceed 0.010 a t  8 Mach number of 1.13. 

A Selsyn  unit,  located at the  pivot  point of the model support 
st ing,  was used t o  measure the  angle  of-attack. A correction, due t o  
e l a s t i c i t y  of  tHe sting  support, was app1fe.d.. t o  the  angle-of-attack - 

measurements. The accuracy of the  angle-0.f-attack measurements was 
within ?O .20°. . . . .  - . . . . . .  . . . . .  - - . .  - ... - .. 

* .  -. 

. "" 

. ,. . 

... 

... 

1 .  - 
" 



NACA RM ~52~18. c 5 

. Boundary interference  effects  consisted of  shocks  and  expansions 
from the  model which were reflected back to   the  surface of the model by 
the  test-section boundary a t  Mach nunibers above 1.00. These disturb- - a c e s  pass downstream of the mQdel at a Mach  number of approximately 1.10. 
The re f lec ted  shocks  reduced the  drag  coeff ic ient   a t  law angles of a t tack 
as  much as 0.002 a t  a Mach nmber  of 1-07; however, %he disturbances had 
negl ig ib le .   e f fec t  on the Iff  t-coeff  icient  values '&roughout the Mach 
number range (ref. 6 ) .  No carrections have  been d e  t o  the drag data 
f o r  the boundary interference  effects .  

. 

The basic  aerodynamic data (angle of attack, drag coefficient and 
pitching-moment coefficient  ggaiqst  l i f t  coeff ic ient)   are   presented  in  
figure 3.  Comparisons of the   basic  data for the  twisted and cambered 
wing-fuselage  configuration  and the plane-wing-fuselage  configuration 

. are ahown in figure 4. Thqbase pressire   coeff ic ients  f o r  the two con- 
f igurat ions  are  shown i n  figure 5.- The e f f e c t s  of t w i s t  and camber on 
the   var ia t lon of drag due t o  l i f t  w i t h  l i f t  coeffgcient are presented 
i n  figure 6. Variations of maximum l i f t -d rag  ratios w i t h  Mach  number 
f o r   t h e  comparable configurations  are shown i n  figure 7. Also shown i n  
ffgure 7 are  the lift- c E f f i c i e n t s . a t  which the m a x i m u m  l i f t -d rag   r a t io s  
occurred. The curves   o f - l i f t -drag   ra t io   aga ins t  Mach  number a re  s h m  
ir-figure 8 for. several  lift coeff ic ients .  

In-order  to  fac i l i t a te   p resenta t ion  of  the data, staggered scales , 

have  been used i n  many of  the figures and  care  should be taken in  
identifying the zero  axes f o r  each  curve. A l l  references t o  wings- i n  
the  following  discussion refer t o  data presented for wing-fuselage con- 
figurations.  The Reynolds number based on the w i n g  mean aerodynamic 
chord varied from 1.91 x 10 6 t o  1.99 x lo6. 

DISCUSSIOPI 

L i f t  Chb . -acterist ics 

The angle of  .attaik of the wing-fuselage coa igu ra t ion   fo r  zero 
l i f t  ( f ig .  4) w a s  decreased  approximately 3O throughout the Mach number 
range by twist ing.  apd camBering the wing. Up t o  6O angle of attack,  the 
slopes- of the  lift curves f o r  the k o  configurations were nearly  equal. 

1 The breaks a t  the  upper l i m i t  of the  linear portiah of the  lift curves 
- occurred at higher  . l if t-coefficient  values f o r  the twisted and cambered 

wing than f o r  the- plane wing. Generally,  these  breaks  occurred a t  l i f t -  
coefficient  values  approximately  equal to the values a t  which the unstable 

- .  break in the pitching-moment curves  occurred. - 
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Drag Characterist ics 
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At-zero lift, the drag values  of  the  twisted and cambered wing 
were appreciably  higher.  than  the. .jLrag. values- o f  the  plane  .wing  (fig. 4) . 
Above a l i f t  coeff ic ient  of 0.4 and f o r   a l l  test--Mach numbers, however, 
the t w i s t  and camber. reduce8  the  drag-coefficient  values  for a given. 
l i f t  coefficient.  Thus, the dYag due-to  l i - f t -values  w a s  greatly  reduced 
by  the  use  of-twist and camber. i 6 t h e  -moderate Xnd. high  l i f t -coeff ic ient  
range ( f i g .  6). The greater reductions  occurred  in  the  subsonic Mach 
number range. A t  a l i f t  coefficient of  0.6, the &a@; due to l i f t  value 
was reduced  approximately 33 percent. R?r a Mach  pumbeE of 0.6 a s  com- 
pared t o  13 percent  for a Mach  number. .bf  - 1.2. .. Also shown i n  f igure 6 
are the  values  for  the  theoretical   drag  due.to l i f t  f o r  subsonic Mach 
numbers and f o r  Mach  number 1.2. The theoretical   value for a Mach num- 
ber  of 1.2-was obtained from reference 5. " 

The m a x i m u m  l if t-drag-ratio  values  presented  in  f igure 7 ind ica ted , .  
that   the   use of t h i s   pa r t i cu la r  .twist and camber increased  the (L/D)& 
values  sl ightly a t  Mach numbers up t o  0.84 and above -0.99 b u t  reduced 
the   ra t ios  between these Mach numbers. This  reduction may be due to 
increases i n  wing-fuselage  -interference  associated  with  the twist and 
camber. The r e su l t s  of reference 7 indicated  that  a strong shock i e  
produced  behind the t r a i l i n g  edge of the  inboard  sections of the wing 
which t r ave l s  outwardly  across  the  outboard  sections  af the wing. Th i s -  
shock may have produced greater amounts o h e p a r a t i o n  on the.outboard 
region  of  .the cambered and twisted wing than on the plane wing. The 
maximum reduction was approximately I2 percent a t  a Mach number of 0.92. 
Also shown i n  figure 7 are  the- m a x i m u m  lift-drag-ratio  values  obtained 
at subsonic  speeds for the plane and twisted and canbered  wing-fuselage 
combinations  of  reference 1. The wings had 45' sweepback o f '  the 
0.25-chord l ine ,  an aspect  -ratio.  o f  5 ,  and a taper r a t i o  %f 0.565. The 
resu l t s  of these tests also indicated  that   the  use of twist and camber 
increased  the m a x i m u m  l i f t -d rag   r a t io  values at lower  subsonic  speeds 
but  decreased them a t  higher  subsonic  speeds: The generally  greater-  
(L/D),, values  obtained  for  these  configurations in comp.krison with . 

those  obtainea from the  present  investigation are due pr imari ly   to   the 
large differences i n  the   ra t ios  of the fuselage  cross-sectional area t o  
the. wing area. The re la t ive  size of the fuselage w a s  approximately 
90 percent hi&e.r for-the  present  investigation than t h a t  f o r  the 
investigation of reference 1. . 

The l i f t -d rag   r a t io s  are presented  in figure 8 as a function  of 
Mach numbel.f.or several l if t-coefficient  values.  It i s  shown here  that  
significant  gains i n  lift-drag-ratio  values-were  obta.ined by the  use of 
twist and camber above a l i f t  Coefficient of 0 .4  throughout  the Mach 
number range. These gains are of ..particular  imgortance f o r  the climb 
and maneuver conditions of flight. At EL lift coeff ic ient  of 0.6 and a 
Mach  number of 0.85, the  lift-drag*ratio  was-increased  approximately 
40 percent. 

." . 

.. . .  
. .  

. . .  - 
. .. _. 

I" 

I 
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The pitching-moment coefficients for given , l i f t   coef f ic ien ts  were 
made  more negative by the  use of twist and camber ( f ig .  4) .  This   shif t  
was due p r h a r i l y   t o   t h e   f a c t   t h a t  lift produced  by th i s .pa r t i cu la r  
twist and camber is centered  farther  rearward  than  the same lift caused 
by angle of attack. Also, the changes  in-pitching-moment-coefficient 
values were due t o  the lower angle of a t tack of the  fuselage for a given 
l i f t  coefficient.  The angle of  attack of the  fuselage was 1.60 l e s s  
than  the  angle of  the mean aemdynamic.ehord.  Throughout the Mach num- 
ber  range,  the  unstable  break  in  the pitching-moment  curves  occurred a t  
higher  lift-c0efficien.t  values fo r  the  twisted and  cauibered  wing than 
for the  plane  wing. The increases   in   l i f t -coeff ic ient   values  became 
larger  with  increasing Mach number- A t  &.Mach number of 1.00, the lift 
coef f ic ien t   a t  which the  unstable  break i n  the pitching-moment  curve 
occurred w a s  delayed  approximately 0.2 by  the  use of twis t  and camber. 
The delays  in  the  occurrence of the  unstable  breaks  are of par t icu lar  
impqrtance to   t he   p i lo t  who is flying h i s   a i r c r a f t  i n  a climb o r  maneuver 
condition. Above a Mach nuuiber of 0.95, these delays are  approximately 
as large as those  obtained  todate  by any other means. 

CONCLUSIONS 

The resu l t s  of  an investigatfon of the   effects  of twist and camber 
on the aerodynamic character is t ics  of a 450 sweptback  wing-fuselage 
indicate  the  following  conclusions: 

1. The twist  and camber used i n  this investigation  increased  the 
m a x i m u m  l i f t -d rag  r a t i o s . o f  the  wing-fuselage  configuration a t  test Mach 
n u h e r s  up t o  0.84 and above 0.99 but  reduced  the (L/D)& values 

, between these Mach numbers. The twist and camber, however, produced 
s ignif icant  improvements -throughout  the Mach nuniber range in t h e   l i f t -  
drag  ra t io  values at  the  higher lift coefficientg.yhich  are of par t icu lar  
i n t e re s t  in the  climb o r  maneuver condition6 of f l i gh t .  

2. Substantial  increases in the   l i f t -coeff ic ient   values  a t  which the 
unstable  breaks i n  the  pitching-moment  curves  occurred  were  effected  by 
the  use of this par t icu lar   'mis t  and camber. 
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3. .The breaks 
curves  occurred a t  
cambered wing than 

at the  upper- l imit   of- the  l inear   port ion of the 1if.t . . .  .. 

higher l i f t  coefficient  values  for the twisted and ' 
f o r  the plane wing. - 

. . .  
.A. 

. .  

.. 

.. 

'. ? 
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Figure  1.- Wing-fiuselsge configuration. A l l  aimmaions are in inches. 
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(a) Angle of attack. 

Figure 3.- Variation with lift coefficient of the aerodynamic  characteristics 
for the twisted and cambered wing-fuselage configuration. 
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(c) Pitching-moment coefficient. 

. Figure 3 .- Concluded. - 
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(a) Angle of attack. 

Figure 4.- A CampariSOQ of the variations with lift coefficient of the' 
aerodynamic characteristics f o r  the twisted and  cambered vi%--elage 
configuration and th plane-wing-fuselage configuration. 
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(b) Drag coefficient. 

Figure 4.- Continued. 
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Figure 4. - Concluded. 

. .  

.. .. 

. .. 

. - .. .. 
" 

*= 

" 

" 

." . 

J 

.. 



I 

Figure 5.- Variation with Mach number of the base pressure coefficients 
for the twisted and cambered wing-fuselage and the plane-wing-fuselage 
configuration. 
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Figure 6.- Effect of  twist and camber-on the variation  of drag due t o  
l i f t  w i t h  lifi coefficient f o r  the wing-fuselage configuration. 
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Figure"7.- The effects  of t w i s t  and caniber on the. var ia t ion of' maxlmum 
lift-drag ratios with Mach number f o r  the wing-fuselage combination. 
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Figure 8.- The effects of twist a n d ' c d e r  on the variation o f  lift-drag 
ratio with Mach number f o r  the wing-fuselage combination at  several 
lift coefficients. . .  
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